The peptide antibiotic tridecaptin caused a 2-4-fold stimulation in the incorporation of mannose from GDP-[t4C]mannose and glucose from UDP-[3Hlglucose into lipid-linked monosaccharides by both the particulate and the soluble enzyme fractions from pig aorta. In both cases, the major products and the ones stimulated by antibiotic were dolichyl phosphate mannose and dolichyl phosphate glucose. The stimulation in activity was unaffected by increasing concentrations of dolichyl phosphate, GDP-mannose, UDP-glucose, Mn2+ or the detergent Nonidet P40. Tridecaptin stimulation was apparently not due to protection of sugar nucleotide substrate, since addition of various concentrations of sugar nucleotides did not alter the stimulation. Nor did the addition of tridecaptin result in any increase in the amount of radioactive sugar nucleotide recovered from incubation mixtures. Tridecaptin bound to the particulate enzyme and could not be removed by centrifugation of the particles.
The tridecaptins are peptide antibiotics produced by strains of Bacillus polymyxus that are active against Gram-positive and Gram-negative bacteria (Kato et al., 1979) . This group of antibiotics are acyl-tridecapeptides and represent a mixture of compounds A, B and C that differ in both amino acid and fatty acid composition (Kato et al., 1978; Shoji, 1978) . The mechanism of action of these antibiotics on bacterial cells has not been reported. In the present paper, we describe the effect of tridecaptin on the synthesis of lipid-linked saccharides by using enzymes isolated from aorta tissue. In this system, tridecaptin stimulated the formation of both dolichyl phosphate mannose and dolichyl phosphate glucose in both particulate and soluble enzyme systems. The antibiotic also stimulated the incorporation of sugars into the lipid-linked oligosaccharides.
Materials and methods Materials
GDP-[P4C]mannose (sp. radioactivity 278 Ci/ mol), UDP-[Hlglucose (sp. radioactivity 6.6 Ci/ mmol) and UDP-PHIN-acetylglucosamine (sp. radioactivity 1.5 Ci/mmol) were obtained from New England Nuclear. Dolichyl phosphate and unlabelled sugar nucleotides were purchased from Sigma Chemical Co., and silica gel F254 plates were from Brinkman Instrument Co. Bio-Gel P-4 and P-6 were from Bio-Rad Laboratories. All other chemicals were from commercial sources and were of the best grade available. Tridecaptin was a generous gift from Dr. J. Shogi, Shionogi Chemical Co., Tokyo, Japan.
Preparation and assay ofaorta enzyme The intimal layer of fresh pig aorta was removed and homogenized in 5OmM-Tris buffer, pH 7.5, as described previously (Chambers & Elbein, 1975; Chambers et al., 1977) . The homogenate was filtered through cheesecloth and the filtrate was centrifuged at 50OOg for 10min to remove large particles. The supernatant from this centrifugation was centrifuged at 100lOOg for 90min to obtain a high-speed pellet. This pellet was suspended in approximately one-tenth of the original volume of Tris buffer and gently homogenized. This preparation represented the particulate enzyme fraction.
Solubilized enzyme was prepared by mixing the above particulate enzyme with 0.5% Nonidet P40 for 2-3 min followed by centrifugation at 100 000g for 45 min. The supernatant was removed and used as the solubilized enzyme (Heifetz & Elbein, 1977 . Assay tubes were incubated at 370C for the indicated times and reactions were stopped by the addition of 2 ml of chloroform/methanol and 0.6 ml of water and thorough mixing. The layers were separated by centrifugation and the various classes of lipid-linked saccharide intermediates were isolated as described in previous papers (Chambers & Elbein, 1975; Heifetz & Elbein, 1977 (Lowry et al., 1951) , and hexose by the anthrone procedure (Loewus, 1952 In some cases, the dolichyl-linked sugars were purified on DEAE-cellulose as previously described (Chambers & Elbein, 1975; Chambers et al., 1977) . Lipid-linked monosaccharides were run on columns of DEAE-cellulose that had been washed with chloroform/methanol (1 :1, v/v), whereas lipidlinked oligosaccharcdes were run on DEAE-cellulose prepared in chloroform/methanol/water (10: 10: 3, by vol.) . After washing the columns well with these solvents, the lipids were eluted with gradients of ammonium formate in 99% methanol. Radioactive peaks were pooled, extracted with chloroform and used in further studies.
Results
The effect oftridecaptin on the particulate enzyme
The effect of tridecaptin on the incorpQration of sugars from sugar nucleotides into lipid-linked saccharides was studied with the aorta particulate enzyme. examined by t.l.c., two radioactive areas were detected. The major radioactive area migrated with dolichyl phosphate mannose, and a small peak (10-15% of the total radioactivity) of radioactivity migrated more rapidly (Fig. 2) . Based on previous studies, this faster migrating peak is probably a glycosylceramide (Kang et al., 1979) . In the presence of tridecaptin, there was much more radioactivity in the dolichyl phosphate glucose area, but the radioactivity in the faster area remained approximately the same. The lipid-linked oligosaccharides isolated by extraction with chloroform/methanol/water (10:10:3, by vol.) were subjected to mild acid hydrolysis and the oligosaccharides were chromatographed on Whatman 3MM paper in solvent A. No major differences in the oligosaccharide profiles were seen between those incubations having tridecaptin and those lacking it (results not shown). Thus for mannose incorporation, the radioactivity was mostly in large oligosaccharides that migrated slower than the stachyose standard and probably contain 9-12 sugar residues (Chambers et al., 1977) . For glucose incorporation, three radioactive peaks were seen in either case, one of which remained at the origin and two others that moved a short distance from the origin. These peaks have not been further characterized yet.
The effect of tridecaptin on dolichyl phosphate mannose and dolichyl phosphate glucose formation by the solubilized enzyme Tridecaptin was used to determine its effects on mannose and glucose incorporation using the aorta solubilized enzyme. Fig. 3 [GDP-mannosel (nM) Fig. 6 . The effect of GDP-mannose concentration on the formation of dolichyl phosphate mannose in the presence and absence oftridecaptin Incubation mixtures with soluble enzyme were as described in the text, except that the amount of GDP-mannose was varied. Incubations were for 15 min.
absence of antibiotic, product formation increased with increasing amounts of dolichyl phosphate up to about 5-lO,ug of this substrate per incubation (Km approx. 1,UM). In the presence of tridecaptin, the formation of dolichyl phosphate mannose was greatly increased but the shape of the curves were the same as those of the control. That is, the reactions levelled off at about 20,ug of dolichyl phosphate and this substrate, even at high concentrations, had no effect on the tridecaptin stimulation. The same results were observed with regard to the formation of dolichyl phosphate glucose by the solubilized enzyme (results not shown). That is, tridecaptin greatly stimulated the formation of dolichyl phosphate glucose and dolichyl phosphate, even at high concentrations, had no effect on this stimulation. (UDP-glucose in a, GDP-mannose in b) was mixed with the indicated amount of unlabelled sugar nucleotide (UDP-glucose in a, GDP-mannose in b) and this mixture was incubated with the soluble enzyme in the assay mixtures described in the text. Incorporation of radioactivity into dolichyl phosphate glucose (a) and dolichyl phosphate mannose (b) was measured in the presence and absence of antibiotic. The effect of Nonidet P40 and Mn2+ concentrations were studied with respect to tridecaptin stimulation of dolichyl phosphate glucose formation. As the Nonidet P40 concentration was increased, the amount of dolichyl phosphate glucose decreased, but again tridecaptin stimulated to the same extent at all detergent concentrations (results not shown). Finally, increasing or decreasing the Mn2+ concentration had no effect on the stimulation by this antibiotic.
Amount

Effect oftridecaptin on sugar nucleotides
Since it seemed possible that tridecaptin could be stimulating these reactions by protecting the substrates from degradation, we examined the effect of adding various unlabelled nucleotides on the synthesis of dolichyl phosphate mannose and dolichyl phosphate glucose. In these experiments, the solubilized enzyme fraction was used and the radio- indicate that the antibiotic binds to the particulate enzyme and is not removed by washing and centrifuging.
Discussion
Generally one expects an antibiotic to inhibit a given reaction, so it is somewhat surprising to find one that causes an increase in product formation. In this case, the peptide antibiotic tridecaptin causes a 2-3-fold stimulation in the incorporation of mannose from GDP-f14Clmannose into dolichyl phosphate mannose and of glucose from UDP-[3HIl-glucose into dolichyl phosphate glucose. This stimulation occurred in the particulate enzyme, which utilizes endogenous lipid acceptors (i.e. dolichyl phosphate), and also in the solubilized enzyme fraction, which requires exogenous dolichyl phosphate as an acceptor.
The mechanism of tridecaptin stimulation is not clear at this time but the possibility that the antibiotic stimulates by protecting the substrates from degradation appears to be eliminated on the basis of several experiments described in the present paper.
Also the antibiotic does not appear to interact directly with the substrates since alterations in the concentrations of any of the reaction components does not affect the tridecaptin stimulation. In a previous study with the antibiotic showdomycin, we found that this compound stimulated the incorporation of glucose into lipid by yeast membrane preparations (Kang et al., 1979) . However, this stimulation did appear to be a result of this antibiotic protecting the substrate UDP-glucose from degradation. The glucolipid formed in those experiments was a neutral lipid and was probably a glucosylceramide. The tridecaptin stimulation described in the present paper apparently involves a different mechanism.
Tridecaptin binds to the particulate enzyme. Thus, after mixing tridecaptin and enzyme, the tridecaptin stimulation cannot be removed by centrifuging and resuspending the particles. It is possible that tridecaptin binds and removes some inhibitory substance rather than acting on the enzyme itself, but this has not been determined. It is noteworthy that several other peptide antibiotics, such as amphomycin (Kang et al., 1979) and tsushimysin (Elbein, 1981) , also bind to the particulate enzyme, as evidenced by their continued activity even in centrifuged particles. However, these two antibiotics inhibit rather than stimulate the formation of lipid-linked saccharides.
